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Three different retinoids with widely varying capacity to 
stimulate skin repair in vivo and stimulate fibroblast and epi-
thelial cell growth in vitro were examined for capacity to lyse 
the same cells at high concentrations. These includeq all-
trans retinoic acid (RA), tetrahydro tetramethyl napthalenyl 
benzoic acid (TTNPB), and its biologically .inacti~e s~ruc­
tural analogue, meta-carboxy TTNPB. DespIte theIr dIffer-
ing capacities to stimula:e skin repair and cell g~owt~, all of 
the agents were cytOtoxIC for fibroblasts and epithelial cells 
over the same range of concentrations (0.6 - 3 X 10-5 M). 
T opical application of all-trans retinoic acid (RA) to photo-aged skin improves several features including color, texture, and wrinkling [1- 5]. Histologic changes include epidermal thickening, increased. ke-ratinocyte proliferation, deposition of glycosanuno-
glycan-like material in the epide.rmi~, increased cellularity in the 
dennis, evidence of fibroblast aCtivatIOn, and syntheSIS of new ~x­
travehicular matrix material. Retinoids are known to act by btn~tng 
specific receptor proteins (including the .cellular retinoic ~ci~ btn~­
iug protein lCRABP] or one of the family of nuclear retinOlC aCl.d 
receptors [RAR]) and influencing gene expression [6 - 11]. There IS 
a strong correlation between receptor binding and ability to induce 
differentiation in F9 teratocarcinoma cells [12]. It is not clear, how-
ever, if all of the beneficial effects ofRA on photo-aged skin are the 
result of a specific "retinoid" effect. Recent studies have shown, tn 
fact, that some of the same histologic changes induced by RA. can 
also be seen after treatment with mild abrasive agents [13] or With a 
detergent such as sodium buryl sulfate [14,15]. Treatment of ski.n 
with either a mild abrasive agent, sodium bury I sulfate, or a bIOlogi-
cally active retinoid often results in an erythematous scaling reac-
tion. On the basis of this, it has been suggested that at least some of 
the beneficial effects seen after RA treatment may not be specific to 
RA but rather might be secondary to mild inflammation. This pos-
sibility is supported by the fact that retinoids have the structure of a 
detergent (with a polar head group and a long hydrophobic si~e 
chain) and by previous findings that, at high concentrations, reti-
noids are toxic for red blood cells in a detergent-like manner [16]. 
Further, our recent studies have shown that both RA and sodium 
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Cytotoxicity for both fibroblasts and epithelial cells was 
blocked by addition of phosphatidylcholine to the cells along 
with the retinoid. In the presence of high concentrations of 
RA (0.75-3 X 10-5 M) and phosphatidylcholine, prolifera-
tion was observed. The proliferative response was greater 
under these conditions than in the presence of an optimal 
conc.entratio,: of RA (0.75 - 3 X 10-6 M) without ph os-
phattdylcho111le. These data suggest that toxicity of retinoids 
can be separated, at least partially, from their growth-pro-
moting activities .] Invest DermatoI101:839-842, 1993 
lauryl sul~ate ~ave the capacity to induce keratinocyte and fibroblast 
proltferatton 111 culture under similar conditions [17 - 20]. 
To help elucidate the mechanism through which retinoids exert 
their effect on cells of the skin, we have in the present study com-
pared cytolytic capacity among a group of retinoids on fibroblasts 
and epithelial cells in monolayer culture. Despite the fact that the 
same retinoids vary greatly in their ability to induce skin repair in 
vivo [21,22] and stimulate cell growth ill vitro [22], all of the agents 
caused fibroblast and epithelial cell lysis over the same range of 
concentratIOns (I.e., 6 X 10-6 -3 X 10- 5 M). Further, toxicity was 
a.lmost c~mI?l~tely abrogated in the presence of phosphatidylcho-
~1I1e (a~ 1I1l11bltor of detergent-mediated cytolysis) . Perhaps most 
1I1terest1l1g, when phosphatidylcholine was used to block the cyto-
lytic effects of high concentrations of RA, cell proliferation oc-
curred to a greater extent than was achieved in the presence of an 
optimal concentration of RA in the absence of the lipid moiety. 
These results suggest that the proliferative effects and cytotoxic 
effects of retinoids can be, at least partially, separated. 
MATERIALS AND METHODS 
Cells Human dermal (neonatal foreskin) fibroblasts were used in this 
study. They were obtained as primary cultures and stored in liquid nitrogen 
atp~ssage 2 to 4 . The .fibroblasts were grown in monolayer culture using 
nllllJmal e~sentlal medIUm of Eagle with Earle's salts (MEM) containing 
non-essential ammo aCIds, 100 U/ ml penicillin, 100 Jlg/ml streptomycin, 
and 10% fetal bovine serum as culture medium. Cell growth was at 37°C 
and S% C.0 2 /9S% air. ~ells were subcultured with 0.2S% trypsin/0.02% 
ethylenedlammetetraacetlc acid as required . Experiments were conducted 
on cells through passage 20. 
Epithelial c~lIs were also used in this study. The epithelial cells consisted 
of human epIdermal (neonatal foreskin) keratinocytes. These cells were 
obtained from Clonetics, Inc. (San Diego, CA) and grown in monolayer 
culture usmg keratl110cyte growth medium (KGM) (Clonetics, Inc.). KGM 
CO?SIStS of serum-free, modified MCDB-lS3 medium supplemented with 
epidermal growth factor (10 ng/ml), insulin (S Jlg/ ml), hydrocortisone (O.S 
~lg/ml), ethanolamine (0.1 mM), and bovine pituitary extract. The Ca++ 
concentration ofKGM is 0.15 mM. 
In addition to normal epidermal keratinocytes, a human squamous carci-
noma cell line, was also utilized in some experiments. The squamous epithe-
lial cell line was originally established from a tumor arising in the floor of the 
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mouth [23). Despite the fact that these cells are malignant. they have several 
characteristics in common with normal keratinocytes. They grow in mono-
layer as cobblestone-shaped cells and show features of differentiation when 
exposed to high concentrations of extravehicular CA ++ [24). They also 
respond to growth-inhibiting eytokines in a similar manner to keratinocytes 
[25). Further. RA induces proliferation in these cells under the same condi-
tions as it does with normal keratinocytes [17.24). The squamous epithelial 
cells were routine ly maintained in monolayer culture using the same culture 
medium and reagents as used with the normal fibrob lasts. 
RA and Other Reagents Three different retinoids were used in these 
studies. In addition to RA. these were P-[(E)-2-(5.6.7.8-tetrahydro-5.5. 
8.8-tetramethyl-2-napthalenyl-l-propenyl) benzoic acid (TTNPB). and 
M - [(E)- 2-(5.6.7 .8-tetrahydro-5.5.8.8-teiramethyl-2-napthalenyl-l-pro-
penyl) benzoic acid (meta-carboxy-TTNPB). For cell culture studies. each 
retinoid was dissolved in dimethylsulfoxide (DMSO) at a concentration of 
20 mg/ml. Aliquots were stored at - 20°C protected from light. At the time 
of use. frozen aliquots were thawed and diluted in culture medium. The 
diluted stocks were discarded daily. The amount ofDMSO present in wells 
containing the highest amount of retinoid was 0.05%. This amount of 
DMSO had no effect on fibroblast or epithelial cell proliferation and was not 
cytotoxic. Sodium lauryl sulfate was also used in these experiments. The 
sodium lauryl sulfate was high-purity. electrophoresis-grade reagent ob-
tained from Bio Rad Laboratories (Melville. NY). It was prepared as a stock 
solution in keratinocyte basal medium (KllM) (Clonetics. Inc.) and kept at 
4°C. KllM consists of the same basal medium (modified MCDB-153) as 
KGM. It has the same CA++ level but does not contain the growth supple-
ments that are added to KGM. At the time of usc. it was warmed and diluted 
in the appropriate culture medium. Phosphatidylcholine (L-a-phosphati-
dylcholine. type XVI-E from fresh egg yolk. obtained from Sigma Chemical 
Co .• St. Louis. MO) was used in certain experiments. Upon arrival in the 
laboratory. the phosphatidylcholine was dissolved in 100% ethanol. This 
solvent was then gradually removed by heating and replaced with water to 
form an opalescent mixture. By replacing the organic solvent with the same 
amount of water. we kept the phosphatidylcholine concentration constant. 
The opalescence was due to the formation of mycelles in the aqueous buffer. 
At the concentrations of phosphatidylcholine used in these experiments 
(100- 500 ttg/ml). the mycelles partially solubilized . However. at the 
higher concentration there was opalescence still present. indicating that the 
mycelles had not completely solubilized. 
Cytotoxicity Assays Cytotoxicity was assessed using a SICr-release assay 
[26). Briefly. fibroblasts and epithelial cells were harvested from culture and 
plated in wells of a 24-well dish at 7.5 X 10' cells/well. Growth medium 
(i.e .• MEM supplemented with 10% fetal bovine serum for fibroblasts and 
carcinoma cells and KGM for keratinocytes) was used. Na2s1CrO. (1 ttCi/ 
well) was added to each well and the cells incubated for 1 d at 37"C. Follow-
ing this. the cells were washed two times in serum-free medium to remove 
unincorporated slCr. The fibroblasts were then incubated in KGM and 
treated with the various agents and the epithelial cells (both normal kerati-
nocytes and squamous carcinoma cells) were incubated in KllM and treated 
as desired. KGM was used with the fibroblasts because our previous studies 
[18.19] have shown that human dermal fibroblasts will not proliferate in 
KGM alone but will respond to retinoids in this culture medium. In contrast 
epithelial cells will proliferate in KGM without addition ofRA. When they 
are incubated in KllM. however. proliferation slows and a response to RA 
can be demonstrated [17.24). After the cells had been washed and treated 
with the desired reagents. they were incubated for an additional 18 h. In 
each experiment. some wells were treated with 1 % Triton X-I00 to affect 
complete cell lysis. At the end of the incubation period the plate was centri-
fuged to pellet any particulate material from the supernatant fluid . A sample 
of the supernatant fluid was aspirated from each well and counted in a )' 
counter to determine slCr released into the fluid phase. Cytotoxicity was 
assessed using the formula % cytotoxicity = (experimental release-
spontaneous re lease)/(total release - spontaneous release) X 100%. 
Although we routinely used the slCr-release assay to assess cytotoxicity. 
experiments were carried out to verify that slCr release was indicative of 
lethal injury. For this. unlabeled cells were exposed to the desired reagents as 
described above and incubated for 18 h. Following the incubation period. 
the cells were washed. harvested with trypsin/ethylenediaminetetraacetic 
acid. and replated in growth medium. Four hours later. the number of cells 
that had reattached was determined. This assay has been used previously 
[27.28]. 
In Vitro Proliferation Assays Fibroblast and epithelial cell proliferation 
was measured by seeding wells of a 24-well dish with 6 X 10' cells/well in 
growth medium. One day later the cells were washed two times in serum-
free medium and incubated in KGM (fibroblasts) or KllM (epithelial cells). 
Duplicate wells were harvested and counted to obtain accurate zero-time cell 
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Figure 1. Lysis of fibroblasts. keratinocytes. and squamous epithelial celis 
by RA. TTNPB. and meta-carboxy-TTNPB. Cells were exposed to varying 
concentratIOns of the three ret1l10lds for 18 h. At the end of the incubation 
period. cell lysis was assessed as slCr release. Values shown represent means 
and SEM based on fiv.e separate experiments for fibroblasts and squamous 
epithelIal cells respectively and two separate expenments for keratinocytes. 
counts. The remaining cells were treated with the desired reagents and then 
incubated for an additional 2 d at 37°C. After incubation. the cells were 
harvested ~ith t~psin/ethylenediaminetetra~cetic acid and counted using 
an electrol1lc particle counter. Before countll1g. the cells were examined 
under ~hase-contrast microscopy to confirm that they were in single-cell 
suspenSIOn. 
RESULTS 
Retinoid Toxicity for Fibroblasts and Epithelial Cells In 
the first series of experiments. we examined the ability of RA and 
two other retinoids to lyse human fibroblasts and epithelial cells. As 
shown in Fig 1. all three retinoids were toxic for fibroblasts and 
epithelial cells. With all of the agents. toxicity was observed at 
concentrations above 6 X 10- 6 M. Consistent with our recent re-
port [20]. sodium lauryl sulfate was also cytotoxic for fibroblasts and 
epithelial cells at concentrations higher than 1 X 10- 5 M (not 
shown). The toxicity associated with detergents can be blocked by 
the addition of alter.nate phospholipid sub~trates to the buffer [29]' 
We therefore exanuned the effects of addmg phosphatidylcholine 
to the fibroblasts and epithelial cel ls along with sodium lauryl sul-
fate or RA. As can be seen in Tab le I. the addition of phosphatidyl-
choline to the culture medium at concentrations ranging from 50 
/Lg/ml to 500/Lg/ml prevented toxicity by both sodium lauryl sul-
fate and RA. By itself, phosphatidylcholine was not directly cyto-
toxic to fibroblasts or epithelial cells . 
The data shown in Fig 1 and Table I were based on 5lCr-release 
Table I. Inhibition of Sodium Lauryl Sulfate and RA-Induced 
Toxicity by Phosphatidylcholine' 
Group 
Sodium lauryl sulfate (5 X 10- 5 M) 
+ 500 ttg phosphatidylcholine 
+ 250 ttg phosphatidylcholille 
+ 100 ttg phosphatidylcholine 
+ 50 ttg phosphatidylcholille 
RA (1.5 X 10- 5 M) 
+ 500 Jig phosphatidylcholine 
+ 250 ttg phosphatidylcholine 
+ 100 ttg phosphatidylcholine 




25 ± 4 
63 ± 2 









19 ± 20 
86± 6 
99 ± 1 
97 ± 1 




12 ± 1 
• Cytotoxicity was assessed using the "Cr-release assay as described in Materials atld 
Methods. Values shown represent means ±SEM based on three separate experiments. 
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Figure 2. Morphology of a) untreated fibroblasts, b) fibroblasts exposed to 
1.5 X 10-5 M RA, and c) fibroblasts exposed to 1.5 X 10- 5 M RA in the 
presence of 500 /lg/ml phosphatidylcholine. Cells were treated with the 
desired reagents for 18 h. Following this, the cells were washed to remove 
detached cells and cell debris. They were then treated with 2% glutaralde-
hyde and photographed under phase-contrast microscopy (X 120). 
assays. However, examination of cells under phase-contrast micros-
copy after exposure to the lytic agents confirmed that SICr-release 
reflected cell death. Cells not exposed to the lytic agents or exposed 
in the presence of phosphatidylcholine had the typical morphologic 
appearance of unexposed cells. In contrast, cells exposed to toxic 
concentrations of RA or sodium lauryl sulfate and not protected 
with phosphatidylcholine were abnormal. Many were detached 
from the substratum. Many cell "ghosts" were seen and the culture 
medium was full of debris. The morphologic changes observed in 
fibroblast cultures treated with RA are shown in Fig 2. 
Additional evidence that SICr-release reflected lethal injury came 
from replating studies. For these experiments, cells were exposed to 
the lytic agents for 18 h in the presence or absence of phosphatidyl-
choline. Following this, the cells were harvested and replated in 
growth Inedium. Four hours later, the number of ce.lls that ?ad 
reattached was determined. In the absence of phosphatldylchohne, 
there -was a significant reduction in plating of cells treated with RA 
at concentrations as low as 1.5 X 10-5 M. With the fibroblasts, the 
capacity of the cells to re-attach was reduced to 40 ± 1% and 26 ± 
3% (Ineans ± SEM based on five separate experiments) of control 
values. Under the same conditions, the capaciry of the epithelial 
cells to re-attach to the substratum was reduced to 12 ± 9% and 
4 ± 3% of control values. However, when phosphatidylcholine 
(500 ,ug/Inl) was present along with the high concentrations ofRA, 
the subsequent plating capacity was always greater than 75% of the 
control value. Thus, there was a strong correlation between SICr 
release and loss of replating activity. 
Effect oEPhosphatidylcholine on RA-Induced Proliferation 
Because phosphatidylcholine inhibited toxicity resulting from ex-
posure of cells to high concentrations of retinoids, it was of interest 
to determine if it would also influence proliferation. Fibroblasts 
were used for these experiments. Cells were examined in a 2-d 
proliferation assay under control. conditio~s and in the pre.sence of 
various concentrations of RA, With and Without phosphatldylcho-
line. The results of this study are shown in Fig 3. Consistent with 
previous data [18,19], there was very little fibroblast proliferation 
under control conditions and a significant stimulation in the pres-
ence of 0.75-3 X 10-6 M RA. However, in the presence of con-
centrations ofRA that were by thems~lves toxic (1.5 - 3 X lO-s M), 
phosphatidylcholine supported proliferation. It can be seen in Fig 3 
that the proliferative response in the presence of a high concentra-
tion of RA and phosphatidylcholine was slightly greater than that 
achieved in the presence of an optimal concentration ofRA by itself. 
In the absence of RA, the addition of phosphatidylcholine to the 
culture medium at concentrations ranging from 50 /lg/ml to 500 
flg/ml did not stimulate fibroblast growth (not shown). 
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DISCUSSION 
In this study, retinoids with greatly differing capacity to stimulate 
skin repair in vivo [21] and fibroblast and epithelial cell proliferation 
ill vitro [22] were examined for capacity to lyse these same cells at 
higher concentrations. The retinoids used included the biologically 
active RA and TTNPB as well as its close structural (but biologically 
inactive) analogue, meta-carboxy-TTNPB. Despite their differ-
ences in growth-promoting activity, all of the retinoids were cyto-
toxic for b?th fibroblasts and epithelial cells over the same range of 
concentrations (1.5 - 3 X lO- S M). This indicates that the capacity 
of retinoids to induce proliferative responses, at least under some 
conditions, can be separated from their capacity for toxicity. 
Th~ mechanism of retinoid toxicity for fibroblasts and epithelial 
cel!s .IS not wel! understood. It may be related to detergent-like 
aCtlVlty. The rctll10ld structure is that of a (cationic) detergent, with 
a polar head-group and a hydrophobic side chain. That retinoids 
function as detergents (i.e., interacting with cell membranes 
through !lydrop~obic domains) is indicated by the finding that 
phosphatidylcholllle strongly competes with the cells for retinoid 
binding and thereby prevents the toxicity associated with high reti-
noid concentration. At high concentrations in aqueous buffer, 
p~ospha~idyl~holine forms multimeric structures (mycelles) that 
muruc blOloglc membranes. Phosphatidylcholine has been used in 
~he past to interfere w ith detergents effects in other systems [29] and 
m the present study was shown to interfere with fibroblast and 
erithelial cell toxicity induced by the strong anionic detergent so-
d\U~ lauryl sul fate. That retinoid toxicity for fibroblasts and epi-
thehal c~1l may be due to detergent activity was further suggested by 
the findmg. that toxicity for these cells paralleled toxicity for red 
blood cells m an assay that measures detergent activity [16]. 
Although these observations strongly suggest a relationship be-
tween detergent activity and toxicity, it is difficult to definitively 
demonstrate that retinoid toxicity is, in fact, due to its detergent 
effects. One could argue that detergent activity is incidental to the 
cytotoxic effects seen in fibroblast and epithelial cell cultures. That 
phosphatidylcholine successfully inhibited the cytotoxic effects 
pr?~es only that retinoids have detergent activity, not that their 
ablhty to lyse fibroblasts and epithelial cells is due to this property. 
Indeed, not all molecules with detergent effects are cytotoxic for 
cells. Phosphatidylcholine, itself, is a detergent but one without a 
significant capacity to injure cells. To further demonstrate that tox-
iciry of retinoids is a result of their detergent properties, it would be 
necessary to show that the cell membrane structure is altered bio-
chemically in the presence of toxic concentration of retinoids. The 
specific biochemical defects would have to be characterized and 
compared to defects produced by other detergents such as sodium 
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Figure 3. Effects of phosphatidylcholine on the proliferative response of 
fibroblasts to RA. Fibroblasts were plated in wells of a 24-well dish and 
treated wit\l the desired amount of RA either in the absence or presence of 
500 Itg/ml phosphatidylcholine. Proliferation was assessed after 2 d as de-
scribed in Materials and Methods. Values shown represent means and SEM 
based on five separate experiments. 
842 VARANI ET AL 
produced by detergents such as phosphatidylcholine, which are not 
toxic, or less so. Finally, one would need to show how the cell 
membrane is altered in the presence of combination of retinoids and 
phosphatidylcholine. It may be that the interaction between these 
two classes of detergents produce membrane defects that are distinct 
from those produced by either compound alone. 
Regardless of the ultimate mechanism of toxicity, the present 
data in conjunction with our previous observations regarding reti-
noid potency in growth-promoting ~ssays [21 ,22) ~e~onstrate that 
the growth-promoting and cytotoxIc effects of retmo.lds can be, at 
least partially, separated. This is important, we believe, because 
detergents themselves can stimulate cell growth in vitro [20] and can 
mimic the effects of topically applied RA irl vivo [14,15) . On the 
bas is of this information, some have speculated that. the beneficial 
effects seen following RA treatment of photoaged skm are merely a 
refl ection of a nonspecific irritant activity. The present findings 
show, in contrast, that despite the fact that both retinoids and deter-
gents can influence cell growth, the growth-promoting activity of 
RA is not due primarily to its detergent activity. Rather, our data 
suggest that the ability ofRA to stimulate cell growth is limited by 
the inherent toxicity associated with high concentrations of all reti-
noids. To the extent that these observations are relevant to what 
occurs in vivo, the data would suggest that the effects of topically 
applied RA on skin are not simply the result of non-specific irrita-
tion. 
This study was sllpported itl part by a grallt from the R. W.Jolltlsotl Pharmacelltical 
Research IllS ti tllte. 
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